A previous analysis of 121 female genital tract lesions from the United States and South America had r-evealed that a large number contained DNA sequences that were weakly homologous to a panel of human papillomavirus (HPV) probes. The DNA sequences of one of these viruses have been molecularly cloned and shown to be a new type of HPV which is called HPV 31. Among the cloned HPV genomes, HPV 31 is most closely related to HPV 16. Although absent from all genital condylomas studied, HPV 31 was present in approximately 20% of the mild and moderate dysplasias and in 6% of the invasive cervical cancers.
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Papillomaviruses have been identified in humans and in numerous animal species, and substantial evidence suggests that some of these viruses may be oncogenic (12, 23, 29) . The human papillomaviruses (HPV), with more than 30 types, compose the largest group. Several members of this group of viruses, especially HPV types 16 (HPV 16) and 18, are commonly detected in the 85% or more of cervical carcinomas that contain HPV DNA (2, 10, 12, 29) . In the remaining 10 to 15% of carcinomas, HPV-like DNA sequences have not been detected.
During a recent survey of over 100 anogenital biopsy specimens, we detected a new type of HPV, designated HPV 31. We report here the cloning and characterization of HPV 31 DNA from a cervical dysplasia and its frequency in female genital tract neoplasias.
Cellular DNA suitable for restriction enzyme digestion and subsequent Southern blot hybridization studies ( Fig. 1) was prepared by proteinase K digestion and phenol extraction as described previously (21) . The nucleic acid extract (1 to 10 ,ug) was digested with restriction endonuclease PstI or BamHI (Bethesda Research Laboratories, Inc.). Digested DNA samples were electrophoresed in 1% agarose gels, depurinated in situ, and transferred to nitrocellulose (34) .
Hybridization and washes were modifications of a previously described procedure (21) . The filters were baked under a vacuum for 30 min at 80'C and prehybridized in 4x SSC ( at 41°C. Low-and high-stringency washes were done in 1.1 x SSC at 52°C and 0.03 x SSC at 65°C, respectively. The wash solutions also contained 0.1 mM EDTA and 10 mM sodium phosphate (pH 7.4).
Our results demonstrated that cervical dysplasias and carcinomas contained a greater diversity of HPV types than previously reported. In contrast to earlier reports (5, 12, 35) , HPV 6 and HPV 11 were detected relatively infrequently in * Corresponding author. cervical dysplasias, whereas several new types of HPV were present. The PstI-digested DNAs from several biopsies displayed similar patterns of fragment sizes that suggested the presence of a common new type of HPV. DNA extracted from a mild dysplasia that demonstrated this pattern was digested with several restriction enzymes useful for cloning in X L47 (24) . Undigested samples and samples digested with enzymes that did not cut the putative new HPV DNA (see Fig. 3 (32, 33) . Gel-purified and nick-translated PstI-EcoRI-BamHIdigested fragments of HPV 6b were hybridized to a Southern blot of PvuII-SaIl-EcoRI and AvaII-NcoI-EcoRI digests of HPV 31 as previously described (2) . Each fragment of HPV 6b hybridized with only a discrete region of HPV 31, and contiguous segments of HPV 6b reacted only with the corresponding contiguous segments of HPV 31, allowing us to construct the map shown in Fig. 4 Although numerous types of HPV have been found in mucosal biopsies (5, 10, 12, 15, 16, 20, (26) (27) (28) (29) 35) , most attention has focused on HPV 6, 11, 16, and 18 because of their frequent occurrence in a spectrum of benign to malignant anogenital lesions. For example, HPV 16 and HPV 18 DNA sequences are present more frequently in malignant tumors than in benign lesions, whereas HPV 6 and HPV 11 are the principal virus types found in benign condylomata acuminata and exophytic condylomas of the cervix (2, 10, 12, 15) . Although rarely found in cervical carcinomas, HPV 6 is associated with the nonmetastasizing anogenital verrucous carcinomas (similar to Buschke-Lowenstein tumors) (12, 13, 29, 30, 36) .
The evidence that HPV 31 is a member of the family of HPV is as follows. (i) The mild dysplasia from which it was cloned had the histological morphology characteristic of HPV infection, and papillomavirus common antigen was detectable by immunocytochemistry (A. B. Jenson, personal communication). (ii) The viral DNA of HPV 31 appeared predominantly in the form of supercoiled and relaxed covalently closed circles and migrated on gel electrophoresis as an 8-kilobase fragment after single-site cleavage, as expected for a typical papillomavirus. (iii) The DNA sequence arrangement of HPV 31 closely matches those of HPV 6 and HPV 16, which are similar in organization to other cloned papillomaviruses. (iv) The early regions of HPV 31 and HPV 16 hybridized under conditions of moderately high stringency and therefore share significant homology (Fig. 4) .
Although the DNA sequence of HPV 31 is more closely related to that of HPV 16 than to any other known HPV, saturation hybridization analysis indicated that it is too distantly related to be classified as a subtype of HPV 16. Limited nucleotide sequence analysis of HPV 31 has been performed. A Similar to HPV 6 and HPV 11, HPV 31 is more prevalent in mild dysplasias than cancers. It was, however, found in a significantly higher percentage of anogenital carcinomas than either HPV 6 or HPV 11 and was absent in the condylomata acuminata that we have examined (A. Lorincz, et al., unpublished data). Its association with the various grades of anogenital neoplasias, therefore, is intermediate between HPV 6 and HPV 11 on one hand and HPV 16 and HPV 18 on the other. Determination of the entire DNA sequence of HPV 31 is under way and will permit a more detailed comparison with the other members of this interesting group of viruses.
